Abstract. Currently at the Beam Energy Scan at RHIC experimental efforts are being made to find the QCD critical point. On the theoretical side, the behavior of higher-order susceptibilities of the net-baryon charge from Lattice QCD at µB = 0 may allow us to estimate the position of the critical point in the QCD phase diagram. However, even if the series expansion continues to higher-orders, there is always the possibility to miss the critical point behavior due to truncation errors. An alternative approach is to use a black hole engineered holographic model, which displays a critical point at large densities and matches lattice susceptibilities at µB = 0. Using the thermodynamic data from this black hole model, we obtain the freeze-out points extracted from the net-protons distribution measured at STAR and explore higher order fluctuations at the lowest energies at the beam energy scan to investigate signatures of the critical point.
Introduction
One of the most important goals of heavy ion physics is the mapping of the phases of strongly interacting matter at high temperatures, T , and densities. It is well established by lattice QCD calculations that at sufficiently high temperatures and zero baryonic chemical potential, µ B , there is a crossover between baryonic matter and a deconfined state of quarks and gluons [1] . With increasing µ B , the crossover is expected to end in a critical point (CEP) that separates the crossover from a first order phase transition. This prominent feature of the QCD phase diagram is inferred from taking into account the effects of nonzero quark masses on chiral models [2] .
The Beam Energy Scan (BES) at RHIC is exploring high density regions of the QCD phase diagram looking for experimental signatures of the CEP. One promising signature involves comparing moments of the distribution of the net protons compared to the susceptibilities of the pressure [3] , which are expected to show non-monotonic behavior in the kurtosis [4] .
While lattice QCD is unable to perform full calculations at finite µ B due to the Fermi sign problem, a small finite µ B region can be reached employing different techniques such as Taylor expansions at µ B = 0 [5, 6] and analytic continuations from an imaginary chemical potential [7] [8] [9] [10] . Even if the CEP were located at an accessible density, it is possible that the non-monotonicity is missed by the extrapolation scheme, due to the singular behavior of the thermodynamic quantities close to the CEP.
An alternative approach consists of studying the behavior of strongly interacting matter with a critical point using the holographic duality [11] . Ref. [12] showed how to construct black hole solutions of higher dimensional gravitational theories with thermodynamic properties similar to the QGP computed on the lattice at µ B = 0. The generalization of this type of model to nonzero µ B was done in [13, 14] , where it was shown that these models can display a CEP at large baryon densities. These "black hole engineered" non-conformal models possess a nonzero bulk viscosity [15, 16] , which plays an important role in hydrodynamics simulations [17] [18] [19] [20] , and can be used to compute baryonic susceptibilities and transport coefficients at nonzero µ B [21, 22] .
Recently, the parameters in the effective dilaton potential of this black hole model were revised in [23] to provide a better match to current lattice data at µ B = 0. The details of the corresponding extension to µ B = 0 will be published elsewhere [24] . In these proceedings, we use the preliminary data from this revised black hole model to compare its baryonic susceptibilities with the fluctuations of net-protons [25] and estimate the corresponding (T, µ B ) freeze-out line.
Baryon Number Fluctuations and the CEP
The baryon number susceptibility is defined by the following derivatives of the pressure,
, and these quantities can be numerically calculated in the black hole model at µ B = 0. Susceptibilities provide essential information about the effective degrees of freedom of a system, and are related directly to the moments of the distribution, from which volume-independent susceptibility ratios can be formed
In a heavy ion collision, the moments of the distribution are fixed at the chemical freeze-out such that comparisons to them may be used to extract T and µ B at freeze-out [26] [27] [28] . Based on the singular behavior of thermodynamic variables close to the CEP in the theory of second order phase transitions, the susceptibilities scale with different powers of the (diverging) correlation length ξ close to the CEP. For instance, χ 2 ∼ V T ξ 2 (at mean field level) where V is the volume and, for a homogeneous system in equilibrium, one can show that the high order susceptibilities diverge with higher powers of ξ [29] . In practice, the divergence of ξ is limited by the system size and by finite time effects. In Ref. [4] it was argued that the characteristic behavior of the ratio κσ 2 close to the critical point has a non-monotonic dependence as one approaches the CEP.
Results
In Fig. 1 (left) the susceptibility ratios calculated in the model are shown as a function of T for different values of µ B . From these curves, we were able to extract the bands in T and µ B for each collision energy √ s = 7.7 − 200 GeV in Fig. 1 (right) , by imposing that they reproduce the corresponding χ 1 /χ 2 and χ 3 /χ 2 from STAR. While some energies show a clear overlap, some of the lower energies do not, which may be due to other effects such as decays or acceptance cuts. In those cases, the freeze-out is obtained from the middle point of the overlapping area. For the rest of the energies, we choose from each area the point that gives the smallest distance of one area with respect to the other one. The freeze-out points, with their respective error bars, are extracted from the gap between those two points. Fig. 2 shows an estimate for the location of the CEP found in the model, as well as our results for the (T, µ B ) freeze-out points. It is interesting to note that they are placed between the line corresponding to the inflection point of χ 2 /T 2 (solid line) and the one corresponding to the minimum of c 2 s (dashed line), computed using the revised black hole model at nonzero µ B [24] .
In Fig. 3 , model calculations for χ 1 /χ 2 and χ 3 /χ 2 are compared to their corresponding experimental data points from STAR [25] . We also show in Fig. 3 the χ 4 /χ 2 ratio computed 
Conclusions
We used preliminary data from the black hole engineered holographic model [24] to extract the freeze-out line across collision energies at the BES. The computed χ 4 /χ 2 ratio along the freezeout line grows with decreasing √ s, even though the freeze-out values are still far from the high density region where the CEP of the model is located [24] . Preliminary STAR data with higher p T cuts (0.4 < p T < 2.0 GeV) [30] show larger enhancement for χ 4 /χ 2 at low √ s and we plan to examine this new data taking into account effects from acceptance cuts and decays in the future. Black Hole STAR data Figure 3 . (Color online) Low order baryon susceptibility ratios, χ 1 /χ 2 and χ 3 /χ 2 , used to obtain the freeze-out line compared to the net-proton distribution from STAR [25] . Also shown is the χ 4 /χ 2 ratio from STAR [25] (black points) together with the black hole model calculations (red arrows) along the freeze-out line.
